The field experiment was conducted at the Instructional Farm of Bidhan Chandra Krishi Viswavidyalaya, new alluvial zone (NAZ) of West Bengal under the sub-tropical humid climate during Kharif Season (July to November) of 2015 on soil with medium fertility status, having sandy loam in texture (pH-6.7). The experiment was laid out at randomized block design (RBD) having thirteen treatments, viz. butachlor 1.5 kg/ha (granules) as preemergence (PE) at 2 days after transplanting (DAT) with one hand weeding (40 DAT), pyrazosulfuronethyl 25 g/ha as PE (2 DAT) with one hand weeding (40 DAT), bensulfuron-methyl + pretilachlor 10 kg (granules)/ha as PE (2 DAT) with one hand weeding (40 DAT), bispyribac-sodium 10% SC 25 g/ha as post-emergence (POE) at 20 days after transplanting (DAT), metsulfuron-methyl + chlorimuron-ethyl 4 g/ ha as POE (20 DAT), butachlor (PE -2 DAT) + bispyribac-sodium (POE -20 DAT), pyrazosulfuronethyl (PE -2 DAT) + bispyribac-sodium (POE -20 DAT), (bensulfuron-methyl + pretilachlor ) as PE (2 DAT) + bispyribac-sodium (POE -20 DAT), butachlor (PE -2DAT) + (metsulfuron-methyl + chlorimuron-ethyl as POE (20 DAT)), pyrazosulfuron-ethyl (PE-2 DAT) + (metsulfuronmethyl + chlorimuron-ethyl as POE (20 DAT)), (bensulfuron-methyl 0.6% + pretilachlor as PE -2 DAT) + (metsulfuron-methyl + chlorimuron-ethyl as POE (20 DAT)), two hand weeding at 20 and 40 DAT, weedy check, replicated thrice. Herbicides were sprayed using knapsack sprayer fitted with a flat fan nozzle at a spray volume of 500 l/ha except the granular herbicides, which were applied by mixing with sand 50 kg/ha. The variety 'Swarna (MTU-7029)' was grown with recommended package of practices followed uniformly.
The observations on yield and yield attributes like grain yield, straw yield, no. of panicles/m 2 , filled grains/panicle and 1000-seeds weight were recorded at harvest. Weed and crop biomass at different growth stages of rice, weed index and economics were worked out. All the collected data was analyzed statistically to the design RBD by following the procedure laid out by Gomez and Gomez (1984 
Effect on rice biomass
Dry matter accumulation increased progressively from 30 to 60 DAT. But, variations were observed in different treatments. The better weed control made the availability of soil moisture, *Corresponding author: sandiptakumarsarkar16@gmail.com nutrients etc. to crop by reducing the crop-weed competition. Twice hand weeding at 20 and 40 DAT treatment resulted maximum biomass accumulation of rice crop followed by bensulfuron-methyl + pretilachlor 10 kg/ha as PE 2 DAT 1 HW 40 DAT and bensulfuron-methyl + pretilachlor as PE 2 DAT + bispyribac-sodium POE at 20 DAT. Reddy et al. (2012) reported that pre-emergence application of bensulfuron methyl + pretilachlor 75 + 750 g/ha at 5 DAT effectively controlled sedges, grasses and broad-leaf weeds (Table 1) .
Effect on rice yield attributes
During the first year of the experiment, statistically significant differences were noticed between treated and untreated plots (Table 1 ). There were no significant differences among different treatments because it was a genetical character and thus was not affected by crop-weed competition or moisture and nutrients present into the soil.
Hand weeding twice at 20 and 40 DAT, bensulfuron-methyl + pretilachlor as PE with one hand weeding at 40 DAT, combined application of bensulfuron-methyl + pretilachlor as PE + bispyribac -sodium as POE gave more numbers of panicles/m 2 and filled grains/panicles (Table 1) . Although the number of panicles was not much lesser in control (weedy check), yet it was significantly different from the treated plants.
Effect on rice yield
Highest rice straw and grain yield (5.80 and 4.53 t/ha) was recorded with hand weeding twice at 20 and 40 DAT, which gave significantly higher grain yield of transplanted rice over all the treatments tested followed by bensulfuron-methyl + pretilachlor 10 kg/ ha as PE at 2 DAT + 1 HW at 40 DAT (5.57 and 4.20 t/ha) and bensulfuron-methyl + pretilachlor as PE at 2 DAT + bispyribac-sodium POE at 20 DAT (5.53 and 4.17 t/ha). All the cultural and herbicidal treatments gave significantly higher grain yield than weedy check. Hand weeding twice (20 and 40 DAT) performed best and increased the grain yield, the straw yield and the biological yield by 42, 24 and 32%, respectively over weedy check. Herbicide combinations (bensulfuron-methyl + pretilachlor as PE + bispyribac-sodium as POE also showed a broad spectrum management of both annual and perennial weeds. Similar observation was also made by Teja et al. (2015) .
Economics
The application of bensulfuron-methyl + pretilachlor 10 kg (G)/ha as PE and metsulfuronmethyl + chlorimuron-ethyl 4 g/ha as POE was the most cost saving and environmentally sound treatment followed by the application of PE (bensulfuron-methyl + pretilachlor) + POE (bispyribac-sodium). The maximum cost of cultivation was observed in hand weeding at 20 and 40 DAT compared to other treatments. Preemergence application of bensulfuron-methyl + pretilachlor 10 kg (G)/ha + one hand weeding at 40 DAT was also found to be effective in weed control. Similar results were also opined by Reshma et al. (2015) . Among herbicidal treatments, the highest B: C This study indicated that use of herbicides in combination may profitably replace the time consuming and expensive hand weeding for weed control in transplanted winter rice. So, the application of bensulfuron-methyl + pretilachlor as preemergence (PE) with bispyribac-sodium as postemergence (POE) was more superior over hand weeding twice (20 and 40 DAT).
SUMMARY
Hand weeding twice at 20 and 40 days after transplanting (DAT) gave best results in reducing both weed density and biomass and ultimately increased the grain (4.53 t/ha) and straw yield (5.80 t/ ha). Next highest grain (4.20 t/ha) and straw yield (5.57 t/ha) was obtained with bensulfuron-methyl + pretilachlor (granules) 10 kg/ha as pre-emergence + one hand weeding at 40 DAT treatment followed by combined herbicidal treatment bensulfuron-methyl + pretilachlor (granules) 10 kg/ha as PE + bispyribacsodium 25 g/ha as post emergent gave grain yield 4.17 t/ha and straw yield 5.53 t/ha. Considering the benefit: cost ratio, the highest value (1.92) was obtained with the performance of bensulfuron-methyl + pretilachlor as PE + metsulfuron-methyl + chlorimuron-ethyl as POE.
